HON TREATY (PUT) 



(,2, INTERNATIONAL APPU0ON PUBLISHED UNDER THE PATENT COOP| 

iniiiiiiiinuiiiiiiiuinii 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
18 December 2003 (18.12.2003) 




PCT 



(10) International Publication Number 

WO 03/104636 Al 



(51) international Patent Classification 7 : F02M 25/022, 
31/08, F02G 5/02, F02B 47/02 

(21) International Application Number: PCT/SE03/00907 

(22) International Filing Date: 4 June 2003 (04.06.2003) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

0201771-3 11 June 2002 (11.06.2002) SE 

.71, Applicant (for all designated States except US): H E 
HANSSON AB [SE/SE]; P.O. Box 2037, S-612 02 Fin- 
spang (SE). 

(72) Inventors; and 
= (75) Inventors/Applicants (for US only): HANSSON, Hans- 



Erik [SE/SE]; Dunderbacksvagen 14, S-612 46 Finspang 
(SE). WESTERMARK, Mats [SE/SE]; Hornakersvagen 
45, S-183 65 Taby (SE). 
(74) Agents: SUNDSTROM, Per et al.; Stenhagen Patentbyra 

AB, P.O. Box 4630, S-116 91 Stockholm (SE). 
(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZBA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ' DE DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK LR LS LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD, SE, 
SG, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, 
VC, VN, YU, ZA, ZM, ZW. 
(84) Designated States (regional): ARIPO patent (GH, GM, 
KE LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, 
[Continued on next page] 



^= (54) Tit i e: a METHOD AND A DEVICE FOR 



PRODUCTION OF MECHANICAL WORK AND COOLING/HEATING IN 



= CONJUNCTION WITH A COMBUSTION MACHINE 




(57) Abstract: A device and a method to extract 
mechanical energy in combination with heat 
and/or cooling from a combustion engine (2), 
to which fuel and air is fed, whereby water is 
added to the combustion engine's inlet air prior to 
combustion. The combustion engine's flue gas is 
fed at above-atmospheric pressure to the fist stage 
of a flue gas condenser, from which heat is extracted 
and utilized by a heat consumer and/or a sorption 
cycle. After condensation, the water-lean flue gas 
is reheated in order t( ' r ~~ i "" " 5 
the final expansion. 



3 avoid ice formation during 





\ 


. 1 





o 



<3 4 



SE SI SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 
Declarations under Rule 4.17: 

_ as to applicant 's entitlement to apply for and be granted 
a patent (Rule 4.17(H)) for the following designations AE 
AG AL AM, AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA 
CH CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, ES 
FIGB GD GE, GH, GM, HR, HU, ID, IL, IN, ISJP.KE, 
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, WMA,MDMG 
M i MN, MW, MX, MZ, NO, NZ, OM, PH, PL,PT, RO RU 
SC, SD, SE, SG, SK SL, TJ, TM, TN, TR, TT, TZUA, UG 
UZ VC VN YU, ZA, ZM, ZW, AR1PO patent (GH, GM, 
KE LS,MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), Eurasian 
patent (AM, AZ BY, KG, KZ, MD, RU.TJ ^.European 
patent (AT, BE, BG, CH, CY, CZ, DE, DK EE, FS,FI,FR, 
GB GR. HU, IE, TT, LU, MC, NL, PT, RO, SE, SI, SK TR) 
OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, 
ML, MR, NE, SN, TD, TG) 
— a < to the applicant's entitlement to claim the priority of the 
earlier application (Rule 4. 1 7(iii))for the fallowing assig- 
nations AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG BR, BY 
BZ CA CH, CN, CO, CR, CU, CZ, DE DK, DM, DZ, EC 
EE ES FI GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, 



,03/104636 At WH IP 

IPKE KG KP, KR, KZ, LC, LK LR, LS, LT, LU, LV, MA, 
MD MG MK MN'.MW, MX, MZ, ™ »Z OM p H PU 
PT RO RU, SC, SD, SE, SG, SK, SL, TJ, TM, TN, TR, TT, 
TZ UA UG UZ, VC, VN, YU, ZA, ZM, ZW, ARIPO patent 
%H GM, KZ LS, MW, MZ, SD, SL, SZ, TZ UG ZM ZW) 
Eurasian patent (AM, AZ, BY, KG,KZ,MD, RU TJ.TM^ 
European patent (AT, BE, BG, CH, CY CZ D E D K EE 
ES FI FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO SE 
SI 'SK TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, 
GO, GW ML, MR, NE, SN, TD, TG) 

- of inventorship (Rule 4.I7(iv))for US only 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



PCT/SE03/00907 

WO 03/104636 

A method and a device for production of mechanica. work and coo.ingmea.ing 
in conjunction with a combustion machine 

The present invention refers to a method and device of the kind defined in the 
preambles of the appended independent claims. 

known, e.g. from PCT SE 95 ™ u ^ pressurized flue gases, and 

low temperatures (below 0 °C) and can be directly utilized for coolmg purposes. 

operation more difficult and add costs. 

5 process is water self-sufficient. 

invention are defined in the appended dependent claims. 

° in a practical and especially favourable form of the invention, a large amount of water 
K the i„.et air o, the combustion engine. Fuel, air and water vapor are 
combined so that combustion in the combustion engine occurs close to, if not ,n, 
stoichiometric conditions. 

Hereby, a maximum degree of the heat content of the flue gas will be in the form of 
latent heat that can be effectively uBIized at useful temperatures by condensation. 

,n order to obtain useful heat, it is especially essential that combus«on is performed 
40 at near-stoichiometric conditions when condensation ,s earned out at low 
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pressures Condensa, io" increased pressure Improves tempore performance 
and improves the feasibility of water self-sufficiency. 

portion. 

comfort heating or the production of sorptive coolmg. 

, , r thP flue oas will be condensed out at successively 

condensation process. 

to the inlet air while simultaneously adding of water, 
the process. 

Pri0 r to this expansion, the e*g nue gases i can b. -heated byjor — , J. 
gases or hot air from the air charger v,a a heat ^hanger 

formation of ice at the expander outlet is avoided. 

section, which extracts heat in the temperature interval * e g 
order to reach these comparatively high temperature levels necessary t p 
the condensation in pressurized condensers placed "P-*^^J which 

good temperature *>^~£^ZTZZ£ ai, Since 
can be obtained by ensuring a h gh hurnid^ in ^ g 

stoichiometric combustion minimizes the dilution ot water p 
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ma ximal dew point tenure and proved condensation tUperature can be 



obtained. 



10 



20 



A second — section is P-d do— - ^ ^ — ^ 
extracts heat at a lower temperature level to be ufltoed for ^ 8g 

^15^40 * 5 0«Cbefore rt isco m pressed in the turbo compressor. 

Examples of sorption cycles inciude absorption ^^S^ZZ 

sorp tion t^^SZZ Itl" - gas using 
separation processes for the separate ah „ rotion conditions for carbon 

m0 noethyieamine or other solvents. Ex ^ 1| ^^ c ^ ldeneer ^ 
dioxide removal can be reached downstream ^ se°ond ^ ^ ^ 

the flue gas has a high partial pressure of carbon d,ox,de (it P 
,ow humidity ratio) and is accessible at low temperature. 

efficient recovery of heat from the flue gas. 

The condensers can ^ ^^^^^ 
good heat transfer from the condens.ng water vapour ^ 

the cylinders. 

humidifies of 80-100% are considered optimal. 

UKewise, pressurized fuel cells involving the compression £££££ £ 

«- <T tr heTrLS Sn ^Sp- - 

similar principles for heat recovery anu w 
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of downstream heat exchangers and expanders ,s P^^j™ y fflters for the 
modification of the dissolved compounds. 

The invention is described and exampies are given with references to the enclosed 
figures. 

shows schematics a simple design for the condensation of flue gases 
under atmospheric pressure and thereafter are. led to the atmosphere, 

shows, according to the invention, a process ^J^J^ 
condensed under pressurized conditions and then reheated, expanded 
and led to the atmosphere; 

shows, according to the invention, a process 
condensed under pressurized condiflons anc .then 
expanded and submftted to heat recovery before * ,s led 
atmosphere; 

shows recovered heat for humidified inlet air and different flue gas 
pressures. 



15 Fig. 1 
Fig. 2 

20 

Fig. 3 

25 

Fig. 4 



Fig ure 1 illustrates an inlet pipe 10 to a combustion engine 12 . The pjp. ^ has an 
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instead of an expander. In the ,nle p.pe 1U °° conditi ons and is supplied 

q 6 can be added, 
away to be utilized. 

for combustion that is preferably nearly stoiohiometnc. 

f ,he heat recovery boiler 1 the flue gas mainly contains water in 
Downstream of the heat ^«*"» in . liau id scrubber 2 with water from the pipes 
gaseous form. The flue gas ,s treated >n a. qu,d so 

, 41 ,44,31,45. The pipe 46 ,s a ^f^^^gas from the scrubber 2 is 

condensation of water vapour from the flue gas. 

5 The fl ue gas condensate from - ^ -y by theout.^ 3, The 

outlet flue gas from the condenser 3 s led furthe ^ 
condenser 4 that is designed to condense a ^ P* rt ° utes t0 

vapour, the condensate being removed by p.pe 4 V ^ 
the water supply of other wet units as ,t can be led to^ me ^ ber 2 P 

30 and 45 or led to the humidifler 5 or the °f water 

designed to extract a heat flow q, ^J™*™*** l re 7fueLr/vapour in the 
vapour for establishing a - — ^ hot impressed 
enqine 12. The pressurized humidifier ( is exir<*u y 
ai'l the compressor 6a and by supplementary flue gas heat q s . 

" The hea, flows q„ q 2 can be used to supply ^^^Z^ 
Known type. Such heat driven sorption ^ ^ ^ used for Qther 
recovery boiler 1 and the condenser 3. A part of the near 
applications such as comfort heating or industnal processes. 
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The process according to figure 2 is different from figure 1 

flue gas to fiue gas condensation under pressurized ^^^^ 

establish a pressure ,n the »» 8-W» " * bar over atrn0 spheric 

pressure in the condensing parts should be at least i.o 
pressure and preferably more than 2 bar over atmosphenc. 

Lt condensation of flue gas is performed on one s^e of a J-j^L of the 
while heating and humidKication of inlet t V^TlL injection. 

recirculated to the top of the humidification tower. 

The design according to figure 3 is mainly different than figure 2 
for an input of external work, 

With the use of a plant according to figure 2 or 3, a very large part of the energy 
. . r «,» added fuel can be utilized to drive sorption machines and lot the 
^ZlofuTlltZt Production. The total efficiency is typically in the 
ang t 05 1 12-1 (defined as output energy from the engine divided by the lower 
hXvl of added fuel, ^J^^^ " ^ 
flue gas condensation, whereby the outlet flue gas <nj no 
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content By reheating the flue gas in the reheater 9, the risk of ,ce formation in the" 
expander 6b can be avoided as shown in figure 2. 

,t is shown in figure 2 that a heat flow q 6 can be added to the humidifier 7 when 
wLU (suppiied by pipe 43) are added Ifo, —cat, ^ * 
The heat flow q 6 can e.g. be a portion of q„ « or q. As an 
compressed air upstream of expander 6b, can be used as a hea ^ source 
reheating the flue gas upstream of the expander 6b to prevent ,ce formation. 

in figures 2 and 3 it is indicated that severe, different heat flows are generated in the 
"omlsL engine system and, as previous. Known. t h es heat - - 
transferred to a cooling system, at different temperatures. The heat streams released 
E cinder cooling q 4 and from the heat recovery boiler q, are both at temperatures 
IT 100 Z Th makes them useful for district heating or for driving so^on 
eye's The heat flow from the first part of the flue gas condenser, q, , can be useful 
for similar purposes if the temperature is sufficiently high. 

,n figure 4 the reference case, represented by curve "Q-ref, shows the recovered 
usefu heat without condensation (i.e. heat recovery from cylinder «o£ «d 
conventional heat recovery boiler). The recovered heat ,s given as a % of the lower 
ZZ v - of the fuel. Similar curves are given for cases ^ 
combination of pressurised flue gas condensation ,n ^STJV^Z 
humidifloation as shown in figures 2 and 3. The curves are called I bar .3 tar and 
»5 bar" according to the absolute pressure of the flue gas condensers and they all 
represent stoichiometric combustion conditions. 

Fioure 4 shows that pressurised condensing upstream of the expander is an effective 
^totprove'heat recovery from the flue gases. Compared I with atmosphenc 
condensing ( fbar), the temperature of the heat recovered ,s raised by « 30 C at a 
condensing pressure of 3 bars and by 50°C at a condensing pressure of 5 bars. Vm 
imoroveTheat recovery depends on the increased condensation rate of water from 
"e fl Je gas represented by the latent heat »Q .at", which also improves the m,n,mum 
temperature level required to achieve a water self-sufficient operaflon. 

Generator 19 also produces a heat flow q5 which can be utilised. The heat, q5 is 
" at a relafively low temperature level and can therefore be benefi alhy 
Ifzed to humidify the process inlet air, through warming 
hlidification water by q5, for example, in humidifier 5 or upstream of it. CXher low 
eCrature heat sources from, for examp.e, the oi, coolant, may also be utiHzed to 
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humidify the inlet air. Radiation and convective heat losses to the^urrounding air can 
similarly utilized by using air from the engine casing as inlet air to the humidif.cation 
tower. 
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Claims 

, Method for the production of mechanical energy in combination with the 

extraction of cooling and/or heat in connection with a combustion engine (12), which 
5 Tfed Ih f e, and air, whereby the machine's inlet air is combined with water vapor 
efore combustion, characterized by the treatment of the — * f ^ 
gas in at least one pressurized flue gas condenser (3), whereby *e heat flow from 
his component Is utilized by a heat consumer and / or • ^.«**"* ^der 
flue gas after condensing, but before expansion in a turbine (6b), ,s reheated ,n order 
10 to avoid ice formation during said expansion. 

, The method according to claim 1 , characterized by the addition of water 

vapor and / or condensate from the condenser stages (3,4) to the inlet a,r. 
15 3 The method according to claim land 2, characterized by carrying out 

flue gas condensing at a flue gas pressure that is at least 2.5 bar absolute pressure, 
preferably over 3 bar absolute pressure. 

4 The method according to parts of claim 1-3, characterized by subjecting 
the combustion engine's inlet air to diabetic bonification at : do- to ™ h *™ 
pressure, whereby heat is transferred from the second stage of the flue gas 
condenser (4), downstream of the first flue gas condenser stage (3). 

5 The method according to parts of claim 1-4, characterized by subjecting 
the combustion engine's inlet air to bonification at raised pressure, through the 
direct contact between water and compressed air. 

6 The method according to parts of claim 1-5, characterized by carrying 
out combustion with an essentially stoichiometric mixture of fuel/air/water. 

7 The method according to parts of claim 1-6, characterized by reheating 
the flue gas, after flue gas condensing has occurred, by transferring heat from a 
warmer part of the flue gas or from the compressed inlet air. 

8 The method according to parts of claim 1-7, characterized by further 
heating the reheated flue gas (73) with uncooled flue gas from , the ^combust ,on 
engine, whereby the temperature difference between the streams 17 and 73 ,s under 
200 °C and preferably under 100 °C. 
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9 The method according to parts of claim 1-8, characSed by the use of 
heat flows from the generator (18). oil coolant, or other waste heat flows from the 
motor to humidify the inlet air to the combustion engine. 

10 A device to produce mechanical energy and heat and /or cooling in 
connection with a combustion engine which has the means to humidfly the machine , s 
Wet air characterized by a device to recover heat at elevated pressures rom the 
machine's (12) flue gases, by means of flue gas condensing, which is transferred to 
Thelg net or to a sorption cycle in chosen proportions, and a device to rehea the 
cooled flue gas after flue gas condensing such that the final expanse can be 
carried out without ice formation. 

, 1 A device according to claim 10, characterized by the addition of water 

vapor and / or condensate to the inlet air by means of using condensate from the 
15 condenser stages (3,4). 

12 A device according to parts of claims 10-11 characterized by the means 

( 6b ) to maintain the flue gases at above-atmospheric pressures in the exit P ,pe from 
the combustion engine (12) until a position downstream of the condensers (3,4). 

13 A device according to parts of claims 10-12 characterized by the means 
(6b) to add fuel, air and water vapor to the combustion engine to obtain essenfially 
stoichiometric combustion. 

14 A device according to parts of claims 10-13 characterized by the means 
to transfer the heat for humidifying the intake air, preferably at the h"m,d,ficat,on 
means (5), from the power generator, oil cooling or radiation and convection losses. 

15 . A device according to parts of claims 10-14 characterized by when the 

combustor engine consists of a pressurized fuel cell. 

16 A device according to parts of claims 10-15, characterized by the use of 

extracted heat to drive sorption processes for carbon dioxide removal, where the 
absorption unit is preferably placed downstream of the final condenser. 



20 



35 



WO 03/104636 



1/4 



PCT/SE03/00907 

m 




Figure 1 



PCT/SE03/00907 



WO 03/104636 





Fig 2 . 



PCT/SE03/00907 



WO 03/104636 





Fig 3 . 



PCT/SE03/00907 

WO 03/104636 



% 

80%- 
70% 
60% 
50% 
40% 
30% 
20% 
10% 
0% 







1 barS s 


\ 

3 bar v v 


\ 5 bar 


5. 


\ 

- — * — 






B— a?e€ — 





Q Latent 



Q Sensible 



50 



60 70 80 90 100 110 120 130 



Fig 4 . 



INTERNATIONAL SEARCH REPORT 



CLASSIFICATION OF SUBJECT MATTER 



International application No. 

PCT£SE^pgO 



Minimum documentation searched (classification system followed by classification symbols) 

IPC7: F02M, F02G, F02B 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,NO classes as above 



FIELDS SEARCHED 



Electronic data base 



EPO-INTERNAL 



consulted during the international search (name of data base a 



ti terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



DE 19538067 Al (ERDGAS ENERGIE SYSTEME GMBH) , 
17 April 1997 (17.04.97), column 2, 
line 43 - line 68, figure 1 



US 4611557 A (HIERZENBERGER) , 16 Sept 1986 
(16.09.86), figures 1,1A, abstract 



EP 0305351 A2 (TIBERG, LARS), 1 March 1989 
(01.03.89), figures 1,2, abstract 



DE 3142851 Al (SCHUMANN, GERHARD), 1 June 1983 
(01.06.83), figure 1, abstract 



Relevant to claim No. 



1-16 



1-16 



1-16 



1-16 



fj] Further documents are listed in the continuation of Box C. Qj| See patent family annex 



ot considered 



Special categories of cited documents: 
A" document defining the general state of the art which is n 

to be of particular relevance 
•E" earlier application or patent but published on or after the international 

filing date 

• L" document which may throw doubts on priority daim(s) or which is 
cited to establish the publication date of another atation or other 
special reason (as specified) 

"O* document referring to an oral disclosure, use, exhibition or other 

»p» document published .prior to the international filing date but later than 



"T later document published after me international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 
"X" document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 
"Y" document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the do<*imentis 
combined with one or more other such documents, such combinatoon 
being obvious to a person skilled in the art 
»&" document member of the same patent family 



Date of the actual completion of the international search 



_g_gp pt 2003 



Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. +46 8 666 02 86 



Date of mailing of the international search report 

0 3 -09- 2003 



Authorized officer 



Dan Ionesco / JA A 

Telephone No. + 46 8 782 25 00 



Form PCT /ISA/210 (second sheet) (July 1998) 



INTERNATIONAL SEARCH REPORT 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



International application No, 
J>CT/SE ^ ^0907 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



WO 9807975 Al (ABB POWERMAN AB), 26 February 1998 
(26.02.98), page 1, line 26 - page 2, line 9, 
figures 1,2, abstract 



DE 3333069 Al (WIESER, RUDOLF), 21 March 1985 
(21.03.85), figures 1-6, abstract 



Relevant to claim No. 



1-16 



1-16 



Form PCT/ISA/210 (continuation of second sheet) (July 1998) 



INTERNATIONAL SEARCH REPORT 
Information on pate^^ily members 



Patent document 
cited in search report 



DE 19538067 Al 17/04/97 



US 4611557 A 16/09/86 



EP 0305351 A2 01/03/89 



26/07/03 



International application No. 
PCT/SE^W0907 



Patent family 
member(s) 



DE 
EP 
WO 



59603507 D 00/00/00 
0854978 A,B 29/07/98 
9714884 A 24/04/97 



AT 
CS 
CS 
DE 
EP 
SE 
HU 
HU 
JP 



30459 T 
269973 B 
8506906 A 
3560845 D 
0177484 A,B 
0177484 T3 
42590 A 
201982 B 
61085565 A 



DK 
FI 
SE 
SE 
US 
US 



473388 A 
883883 A 
458800 B 
8703338 A 
4918916 A 
4945829 A 



15/11/87 
14/05/90 
13/10/89 
00/00/00 
09/04/86 

28/07/87 
28/01/91 
01/05/86 



01/03/89 
01/03/89 
08/05/89 
01/03/89 
24/04/90 
07/08/90 



DE 


3142851 


Al 


01/06/83 


NONE 




WO 


9807975 


Al 


26/02/98 


SE 9603033 D 


00/00/00 


DE 


3333069 


Al 


21/03/85 


NONE 





Form PCT/ISA/210 (patent family annex) (jury iwj 



